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mcomm^m^-^i. ^t^zx-^ xmrn^mm^^ xoiz 
mmizmML. ^mmmmi,zisifh^mm(^mmimm 

m^irmmmzwM-t^ 2:di,zLfzzk ^mmt-tm 

[0001] 

j:'yxnt:>tifzmm^mm't^ z t ^zx-yximm^m 

[0002] 

^(T^mta^titi^^mizf^'oxsmMf^^s 

« . mmmuco^^i ^ sfir -i. mm^m t mm&^mz 
i.^x^^^tLfzMmmm^mm't^^yhn-^mizj^ 
-^xmm^ii^Mfmmmmti^ai^tix^^^. 
[0003] hx\ iMmrmmmmziinhmm 
mm.^zt5\^x\i.. m.^^mzi:.-oxn^rifzMMm^<r> 
^i?&Hmi*icox>ys/^«!ffit. mhmm.mz^A.x\-^h 

>i^h:itf}mhixX\^fz. 
[0004] 

[%BH>6iS?^tJ;oi:^^ilM] ti^s&i. ±ie^*c7) 

[0005] ^wm}Ltmmi^zm?^xts:^fifzi,cr) 
x\ ^co^mt-thmi. Mnni<r)mm.^cr>mmM'n 
Lx^^^^mzmm\>z-^\^-th z b t>-x^ sfisHttio 

[0006] 

[iss^w^-r.s.3tA6co^s] ±M^n^^mm-hfz 



ffti^sox -y L . *^ li:M«^'M^T■•v ^sx .y 
m^^t Lx^^y^m^z^-yx^coimi^i^^s 
mmfMrncommmmmizm^x . x -y i^Bmtottito 

izx-oxmrn^mn^L. ^mmmmcomwL^m^-^^ 

Z b lzX'oXM^^^miii-ti> ^dizLfz^lb ^^Wlb 

[ 0 0 0 7 ] X, mim.2.im.<nwm. ii^jii laa 

<ryWMzii\^X. M'^Tkt.ixSzWmWf-'^^^m.'^'^ 

mmmiz m.m t . ^mmmMizis it h ^mmc^ymmm 

m:kmbm.4MfM.bc^m^J^'y>^.S.b LT«*^. ^f^B 
mmiz-y\ ^T*to^>afcx .y i>-5^S*^^>Rflffl^»:tf:i L . 

mi^mcr>mmzi3uxii:r. -y i-'^mti^mm^mt^j: 
^^^^^mmmzum-ti, x^izttz^b ^mmbi- 

[0008] %-ox. ^%mt^zxmi. Mmmmc^im. 
iiMr-^m^ji^xh h b <mmz^-5% , wm-mz 

x.-ox%htifzmm-^(rmmzn\'rhmmm(rm^ 
<rmms'hwm.nmMmbmm.<Tmmrf—9 ^^-thm 

^bizx-^XTknm^miiiL. m^mmmmMm^m 
K^i.zb^zx-oxMmimm-t^j^o^ztfzrz)^. m 
^i^cr)?).ti^mizvmi,zmiii^tx.x^^<^mmtpfmm 
ti. mfmmmmiizm\' ^mmit^mm-^ ; b a^x^ 

[0009] 

v%moomm(Dmm^ \^xf\,zimm<r)mm(Dmm^mi 

mm^zm^\^xtm-th. 

[0010] mi\±^mm.^iMm-f}^nmMiLx\^hm 
^^s^t-TSH, m2\timmzi^t^^\mmm.(r>m 

[00 1 1 ] Eiitcijv^T, imm^xh-yx ^ 
m><zim.mm%2'-'3t)im-iX\^h . nx. ms^i 

^commizi,±ms.bmMb ^ mm-t^tzisbco^m&w^ 

[ooi2]fraLT, mi t,z^-tmxi±. jiss i <7)-fey 

^'-^^f y 1 c J: 0 t>£i!l<^miS^aS!)^mM6*>':£ 

(■\i:ff\^iz^mM7LXi^i,. 

[0013] ±iBilft*fi*W6 tCti. C C D;if ;>< 5^ 

cmm^m bm2l,Z^-t::iyhrt-y I OWizX-oX 

mfS.^tL:hm7mmmmmt ^tixnK). 02 iz^^ 
iacc, m^STt^ybn-^ 1 o{±-<y^-7x 



(3) 



10-214326 



91 0bm.m'i—^::iyh^-y2 0ltmt<^>^— 
7x-X ( I/F) 9^::/^LT»MS•^^TV^S. 

[00 14] tz^T. ±ie3> i-o-f7i ott, isfft 
mmm^is^ x.y>>'tti±jgEi4, mmmmmis^ « 

gs 11 . mmMmm 1 2 , ^ummta^ 1 3 . x .y 
ffi^ 1 4 s.tm>is^ffigp 1 5 *igT jsaa^s ^ i: j; -5 

[00 15] ZZX\ ayhxn-yi oiz^-oxnioii. 

[0016] 1) miSif-^sm ■ x -y ^jmia mm^ 
mizj:-r>xmm^tLfzMm6cr)m:f^crmm (mmm) 

1 Oc^HmT^-^EJi ■ x>y i/^^tiigpi 1 ^zn'^TlttL 

S*^. icoa«(±llll Ot^^K-tJ: dibits 1 2xfii 48 

0 (Poa*-c-«iS; § ixT "9 . H«7^ - ffiffl ■ X .7 
ffigRl ltci3V>T«S. ll3^o±g^oatc*-rj:3t3=g-lf 
S<J0?i«ttSrTi''^'/HtLT^iO?i^tJtBtT0 — 2 5 
5 (Otm-^H, 2 5 5iim-:>e) cOfflcoMfL^^Srfgjg 

^^li^OjSSx-i'^M^iJ l/l 6tcBSIt-S. 

[ 0 0 1 7 ] ap*>. ia3<7)±sco«ts^-r J; o tc, 4 x 

4 = 1 6H*^ 1 -ocnmmmh LxmMm.'T~^m% 
i:i/i6t<zsmLxmi2&^mi2oa)^com^ 

[ 0 0 1 8 ] LT. ^mizii\^M\ 1 6<?)#li*«o 

h„ mut. ll3£OTSi7)«<501^Tl?iJ ^TJfflfeg 
tcfctt-l>Xvi^Ml 7 3{i;|5lll±gi7):^tcMiEt-|>*g 
mmM'i'cr, 1 6 lB*c7)ig^ficr,flr^ft 18 5 1 

2tcO^ (185-12=173) ^: LT^i!6<i>ir?.. 

[0 0 19] fflLT, JiaitfOiatlL-CXvS^'^ffi^^ 
TcoSiffMyj^^r-^v-^TS^Sb-S i b izl-yXWrnf^cOJ^-/ 
ixm 1 1 ic^t- i a 5rx .y v^Wft^ff^ . 

[00 20] 2 ) Hfiltff ; rjy 1 OORflfSIt 

mSPl 2tioV^T«. H^T^-^rai- x.yi^mSI51 

1 v^T#^?Kffii^teic5i?i6^>ix:^x -y 

mxh am^zi.^m.^'^i^crjty^ xmi^zi 

[0021] ap*>. mv^^m,zii\\x\t. mA\>z^ 

J; 3 ^X .y t 7='- ^iC^O b X b A5f)>(i>X .y 

?fi«£OA-^^2'5co^9;^(::^f'J-r^-'N°9;^-^'i: LT 
IMt ( = 130) *mm§ii.&» 
[0022] 3 ) ^if&«^til (iS*:^3!aa) ; 3> hn- 

5 1 0 orafBI+ff 1 2tcioV^-CBgttt*mai$ix-§) 
^1. ^ifS^aigEl 3tci3l^T^iE§ii5&^1^aiS:iX'S^i, 



■1.0 

[ 0 0 2 3 ] HPfe. *W6c7)itmoia*{i^1t^tg^* 

ff^T* h t «7)t(f^tcX':5-# ^ 7 1 J; -> T# ^.ii 

6 (7)ff:^(7)0 1 1 t'^-rx >y i^Wfttcio (t.|> 
6 CO la lu <50ffi^tc St^c gE^i-:*^ ^ WMM 6 cOlSMgE 1 131 

mtmmrr-'^'k^^hu^ (oto, x-yi/^«;&^ra 

*^^>KI«i;tcfi£31 LT V> < ^ i: J; T^«4^ ^tti 
L. la 1 2 tc^-Ti: d ts:V^-ym%^'i^h >r i: S . 

[ 0 0 2 4 ] r it'. (igiK^Jail) £^*«: 

[00 2 5] mm(nm^ {'immm) {zav^xxt. m 

i.HEI5tC^t-4^TDmffl« (OT. 4Di;^t-) 
OV -^xmmA D i#:<7)X -y t ( = 1 3 

0) m±T-$,tL{fx-yi>-^Sm(i:0 (BP*>. i-^H) t^lS 
5eS ti, Mi|i44 D g#:tfOX y V^WfiWM t 

iiii«i4 D tc^fg-r-i. 2 -?c^mm4 e , 5 e co#x 

>y 0,120 5 SrJa i-Zctf iO::*; # V ^:fir(Offi 
1 2 5:^)>af;?Sn.. «J^4DOX-yi;^Jgi: LT 1 2 5 

[00 26] X, mm5Di>zt5\-^xi,i. m.mm5D^#. 

cr>Jl y zy^mt/WM^ t (=130) lil±T'S)tl.H"X -y iy 
mm±0^zm.'&^K (-34 0. ^l?S«-C-{i^rV^t>c^t^ 
=5:Sti) . «J|!4 5Dg#:tOX-y>>-3fiJS*iPilfflt*}1lT-ft 

5 D i,zmm-h 3 -^(^mmA e , 5 e , 6 

Ec7)#x-y^-^S0, 1 2 0, 2 5 5tC#^ S^Jax.;'^ 
ffl (flL. ±PIfif2 5 5^iSi;iS^^«S±|5gffl2 5 5 
(CftyttL-S)) 5, 1 2 5. 2 5 5c7):R::*;fl2 5 5 (Xo 

e ) y&^jgfx^n. mm 5 Dc7)x-y i-'^^i; lt 2 5 5 

[00 27] [5l«t:LT^iJg«&S^*t»cK)li<Jd!i; 

5ILTI11 2tc*-raj*HM*#i.o 

[0028] 4 ) x.y >;'ftaj : 3>'Na-9 1 O^Ox.y 
i^'tttiigPl 4(ci3l^T{±. HI 2tc^t-^S&J^^tfif*cO 
Hmcc^f LTx .y ttrnt--!. ^ t J; -5 T^ifli^-C'S) 

sa^i a^^tajt, lai 3t:^t-iHi^m:^)-r.s« 

[00 29] ii-e. x>yytttfJOA#:M^ia6t*-:3r 
[ 0 0 3 0 ] El 1 2 tC^-rHf*CfcttS#^I:«OjiJK« 

*j^j;t{fia6 (a) tizx^^tih^. ^n^jcoiisffi 

1 a ( i'^ancr)m&i,ziintmm^. OTiBit) , i 

b , 1 c -Srfflv^TfHlia ( b ) t^-TfMttlcOiiJKtt I 
B, IC, lY)—im.cr)i.o\,zVXW^hfl^. 
[0031] IB: lc-la = -1^0 (M^Ofc^Ji 

ohztm-th) « 

[00 32] IIB : 2c-2a=38 
IIIB : 3c-3 a=l 96 
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IVB : 4 c-4 a = 2 2 2 

IC: ld-lb=39 
lie : 2 d-2b = 2 1 1 
IIIC : 3d-3b = 2 14 
IVC : 4 d-4 b = 2 2 0 

ID: le-lc=201 

IID : 2e-2c = l 90 

HID : 3 e -3 c =4 5 

IVD : 4 e-4 c =- 1 2^0 

mJic^ i 3 1 LT X •/ vffiai SrfT ^ 1 J: T la 1 3 

[00 33] 5) liMmai ; 3>ba-7 

1 ocommmmmi 5t:*3v^Tii. hi s^z^-tmrn^ 

m.) X't)6tL'Zr^ymmzX':>X^coim.:f3m>sb(^ 
n.. H 1 4 1,z^^iii:hmmtimhtt6 o 
[0 0 34] ap%. ^\y^WHzt3\^rit. ^)ibXok-r 

P=Xc o s e' + Ys i nd* ■■■ (1) 

xmLfzm^. cico ( 1 ) ^^ptoizm-thum^t 
T<7)x i^".R5tcov»Tfe§ . P - 0^mizt3\,-^xwLmi}^ 

[0 0 3 5] ZZX\ ^^7^Ji^0¥Jl^la8^^^f 7 0 

-i~-^-hi,zm^K-ixmm-t^. 
[0036] ^-^ym^i^zmLxit. mmc^mM$n 
isSs^c^aiw* (X, Y) ^mmmfjWMmta±x-$i^ 

±X'h^^l>Zim^mm ((9min -^max ) |^<?D#(9 
toi-^T ( 1 ) setc^-^Tp^mttiSix (XT^^yT 
2) , ^OSai^iXJ^^PJ&m^lEIS (pmin -pmax ) 
F^tcS^I.:^^*^ (pmin <p<pinax ) timm^tl^ 

(X-r'y7°3 ) . 

[ 0 0 3 7 ] fflLT. ±l2fWISm*i'YE Sf ^5^J*^ 
(OSO, pmin <p<pmax Xht^-^) tCti (p, 

4) , »ltS/&^'NOT-J)-g.«^tJi:bXh^'-9A(±;^ 
■^y b Cc^j; d^XT-'y7°2'-X-r-yT4<5D 

3!!]iiM*^iaSieSI ( 6'inin —fi'max ) f*lc?)^T<7)6'tColi 

^xcomm (X. Y) i,z-^\.^xmn^ti^ (xf-.y^ 

6) . i^. ^T^-yTlT'iOWBIfMmiiNOT'fcl.*-^ 
(oa 0. aSH* (X, Y) i^iiSii*Wit*iST- 

[0038] iffl LT. m^(^ms.mm\f^cr,-^xcomm 



(X, Y) tc^V^T-jS«i!!lSl36^*?Tt-.|.^:, bxh^' 
5Ati3(tS;5r'»-biC3&*fc«cO (p, &) ^M^^^ 

zbizi:^x. ^i^^mm ( ais 1 a ) ■// ( i > s^t-^ 

8) „ 

[0039] mz. /\y^mcoM^mim9 {zm-^^-^x 

[ 0 0 4 0 ] xjjmmco^mmcommmim9 
( a ) iz^ik-r^mizh hk.^. mmmmm. t = 1 4 

Os pmin =4^ pmax = 6^ 6*111111 =2 2, i9max = 
2 IXhhm^. ia9(a)(7)la(l. l).2a 
(2.1),3a(3,l).4a(4. 1) 
1 b ( 1 , 2) , 2b (2, 2) , 3b (3, 2) 

Ic (1. 3). 2c (2, 3) 
ld(l,4).2d(2,4) 

{ziinhmms.<rMm.t ( = 1 4 o ) xhhtz^. 

[004 1 ] .Itl.tC>P)-LT, 3 c ( 3 , 3 ) tCOV^Tfi: 
SStt ( = 210) >Mflt (=140) xhi>rzKb. 
#6't-ov^-r ( 1 ) ^izm-yXp^mTcoiidizMiii^ 
tl. pmin <p<pmax :;^)i^iJifStl.-l>, 

[0042] 0^0min ^22b~thh^ 
p =Xcos(9 +Ysin(9 =3cos(22) +3sin(22) =3.91< pmi 
n 

f^j:hfzii:>. 1119 (b) tc^-f- j; d IcbX h^^AtcJi 
[0043] 0 = 23h-t^b. 

p =Xcos^ +Ysin(9 =3cos(23) +3sin(23) =3.93< pmi 
n 

i:^r^/-cii6, 119 (b) (c^-TJ; -3 tbx b^'^Atc^ 
[0044] 6' = 24 t-f-^t, 

p =Xcosi9 +Ysin6' =3cos(24) +3sin(24) =3.%< pmi 
n 

h^^htzib. 119 (b) \,z^-tXo^z\LXV^yMz\t 
[0045] e = 23b-t^t. 

p =Xcosi9 +Ysin6' =3cos(25) +3sin(25) =3. 99 < pmi 
n 

hf£hfz^. 119 (b) \,Z^-ti.o\,zy:.7.YyyMZ\t 
[0046] e = 2(ih-tht. 

p =Xcos(9 +Ysin(9 =3cos(26) +3sin(26) =4.01> pmi 
n 

):.ts:hfz->h^ 119 ( b ) tc^-T j: -5 tcbX 1 

[0 04 7] fi'^e'max =21 h^hh^ 
p =Xcose +Ysin6' =3cos(27) +3sin(27) =4.03> pmi 
n 
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t^^^>fc)sb. 119 (b) tC^-r^tatCbXhif^'^AtCl 

[0 048] ^miZ^ 3d (3, 4) tOV^T i^ilJKfit 
( = 2 37) >Mflt (=14 0) -Z'hhfz^, ^6\,Z 

our ( 1 ) ^^^;^a^'5TPii)iOT^oj: d tc»:ai§ix. p 

inin<p<piiiax ii^WSi^tth , 
[0049] e^dmin ^22t^ht^ 
P=Xcos^+Ysin^=3cos(22) +4sin(22) =4.28>pmi 
n 

b^^fzib^ 09 (c) t^-rj;^tb;^b^9Atci 
[00 50] 0=23 t-t^b. 

p =Xcos 6* +Ysin (9 =3cos (23) +4sin (23) =4 . 32> p mi 

n 

t^r-g);^^;!^. EI9 (c) t^TK-riottxb^^^Ati 

[00 5 1] ^=24i;-r-i. 

p =Xcos6'+Ysin6'=3cos(24) +4sin(24) =4.37>pmi 
n 

b^x^fzib. 119 (c) ic^-Ti atcbxhi7"9Atci 
[00 5 2] 0=25b-t^b. 

P = Xcos 6* + Ysi n 6' = 3cos (25)+4sin(25)=4.41>pini 
n 

b^X^fzXb. 119 (c) iZ^-tXoliZhXh^'^MZl 

[00 53] 0=26b't^b. 

P iitm-m) =kp ■ (e„ -e 

I (m^II) =ki ■ T ■ e„ 

D (gii^^II) =kd ■ ( e„ -2 

i6:-mmmti^= k • ( p + 1 + d 

iitc. kp , ki , kd . k -.mm^m 
T : Btr^ 

timi 8i±imm^,i,zmttzm^m^^ ^ y^-y 

X9i:-itLXtm'e-^^yh^-7 2 0l,Ziiit)-t^. 
-t^b. «fle^-:?'*>'ift«e^:-:S'rj>-ba-5 2 0fcJ; 

-^xmmmm^fi. gt!i*tT*M6{i3ii?&i±*&i^i 

[00 59] a±cDj: 0 iz. ^m<7)mm^zim^mi\ 
mmmiz$iif^mmmmi>zi}\,^xit. mm6com.m<7)m 

mt^^f-^m^^^B^Th^b cnmmzm':^^ . fsft^g 

Hz^-:.xn^tifzMm6(>-jm:ffc>'Mmzii!,'r:^Mme 

comMcomMcommij^i^M^necommMb mmcomm 
mmmzim Lx^^<zbizx -oXTmm^mia l . m 



p =Xcos^ +Ysin6' =3cos(26) +4sin(26) =4.45>pmi 
n 

b^x^fzi^. 119 (c) iz^-rXol<z\iXh:^yMzi 

^ti-^yv-th. 

[00 54] 6' = 6'inax =21b-thb. 
p =Xcos6' +Ysin6' =3cos(27) +4sin(27) =4.49> pmi 

n 

bt^:htz>^. 119 {c) \,zif^-ti:.o\,z\L:KVy'7Mz\ 

^ij-^yv-th. 

[0055] OT. 4b (4. 2). 4c (4, 3), 

4d(4, 4). 5a(5, 1). 5b(5, 2). 5 
c(5,3),5d(5.4) \,Z-:)\-^Xh^m.^mm 
^SfL, *i^Wt:e*>>»;$^X?'>>'Mtc^ (P, ^) ^ 

[ 0 0 5 6 ] m LT . j;ji±o— jicDiBfiMatc J; o t a 

^1 a^i^tti^asi;. 1 ooWHSMM: 

gpi etcfei^T, *M6^7)mr:^^©«tcT*^aiSn;t 

itiS^^^aigl a^^M6omT^r[ft]t«Tii (ffiM 

Itffgpi 7 tci3V>T^ll*^ofMt^-^^«7)^j^miI^-' 
[ 0 0 5 7 ] ttr^-^-r ^';l^TcO«ilM^e„-2 .m^A 

)vx<7^mmM.^ e „- 1 , 51-9--^ i'j]^x(^mmm^ e „ 
t LT, laiTiothscTt ( p I Dmm^) t-ji-sTi^jsm 

[00 58] 



n- 1 



) 



en-1 +e„-2 ) /T 
) 



(2) 
(3) 
(4) 
(5) 
(6) 



mi aimta-t^xoi/zLfzfzib, em aw^^i^tc 
wmizmm^tixm^^i^mmtimm^ti. mmmm 

[0060] 

Xmi. miSi^mizX'yX%^fifzM¥im:fJcomm^^ 

m-thzbizi^^xM^mirmiiiL. ^(T^M^mizm-y 

xMrn^r^mMn^Li^i-mmxh-^x^ miEmmm. 

^m.mcr)mmmmmzt5\,^x . j:.-yimmcr)tpcr,m 

^ S^-r ^ fP^^jaigW(;:i!!c*f«t;:K;3I t-C v ^ < i t 
t J; o T ^E^ffi^ t^ai^ ^XdizL fzfz^. ^E^S^O 
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[135] immm.^-yim^mmthfz^<rmx-hh . 
[126] :L.v-jmA-nmmwfithfz>sb<rmz't,h. 

[07] ^^7^^*iMBJ^I.5ti6cO«SSH*^t-|lT■ 
[08] /N7^J^coiinia#JiiSr:^-r7n-^-v-b-C*) 
[09] yN7^M^OJ:#:W¥ffi^iMBjrS^ci^<7)0-?-3^ 
[01] 



[010] wmmi^^xhh . 
[ 0 1 1 ] x V i>'m^^^<tmx:hh 
[012] immwA^mmiMi^'tmxh h < 
[ 0 1 3 ] X .y -jw^mmmi^-tmxh h < 
[014] >\y'mme.<mm:k^'tmxfih . 



1 a 

6 

7 

1 0 
1 1 
1 2 
1 3 
1 4 
1 5 



Hffex-^Eai • X-/ i^-^msp 



[02] 




I/F 



/ 



,13 



l/F 



20 



[EI6] 



(b) 





1 


2 


3 


4 


5 


a 


10 


12 


9 


51 


21Q 


b 


s 


13 


4G 


224 


236 


c 


14 


11 


210 


225 


255 


d 


15 


20 


237 


24Q 


225 





B 


C 


D 


I 


Q 


39 


2Q1 


n 


38 


211 


190 


HI 


196 


214 


45 


IV 


222 


2ZQ 


Q 
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[03] 



[04] 



^-iS^Sl=5 1 2 


12 


12 


13 


14 


14 


14 


13 


14 


13 




12 


12 


14 


15 


1 A 


1 A 


14 


13 


13 




63 


180 


180 


180 


178 


17B 


15 


15 


15 




60 


181 


185 


m 




ISO 


15 


14 


16 




60 
60 


181 
175 


180 

178 


m 

178 


185 

175 


184 

179 


184 
18D 


185 
183 


16 
182 




59 


58 


175 


177 


175 


177 


177 


180 


181 




5S 


57 


370 


170 


175 


175 


177 


l&D 


180 




5B 


58 


55 


170 


175 


175 


17B 


176 


175 




5S 


55 


58 \ 53 


176 


175 
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(54) RUNNING CONTROLLER FOR AUTOMATIC RUNNING VEHICLE 

{57)Abstract: 

PROBLEM TO BE SOLVED; To provide a running controller for 
automatic running vehicle which resolves a problem of erroneous 
detection of the end of a running line to always surely detect the end 
of the running line and has a high reliability, 

SOLUTION: This running controller processes an image in the front of 
a vehicle 6 obtained by an image pickup means 7 to detect a white 
line (the end of a running line) 1a and automatically runs the vehicle 6 
along this white line 1a, In this case, edges in the image are detected, 
and an edge string arranged most linearly is recognized as the white 
line la and its position is obtained by Hough transformation. Parts 
having the same image data as a part corresponding to the ground 
surface just before the vehicle 6 in the edge image are continuously 
radially extended from this part to detect a range of the running line, 
and the image after detection of the range of the running line is used 
to detect the white line 1a. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

rxhe tLhnical field to which invention belongs] By processing the image obtained by the image pick-up ahead of a car 
M^in'Sn deS^tl a'S^^ edge and relfti to the transit control unit of the automatic transit car which carries out 
automatic transit of the car along the roadway edge. 

[DescLtion of the Prior Art] Although the automatic transit car which detects roadway edges, such as a road-should^ 
S It^d c^ies out automatic Lnsit along the detected roadway edge by the irnage processmg is Propos^tins 
iTomatic transit car is equipped with the transit control unit constituted by the contoUer which processes the roadway 
obtS by image pick-up means to picturize the roadway ahead of a car, and this miage pick-up meai^ 
way, in fee image ^ocessing in the above-mentioned transit control unit detecting the edge m the 
oadwaylrSgeT^ad of the cl obtained by the image pick-up means, and asking for the loca^on by the ^ugh 
convISon by using as a roadway edge the edge train most locate in a line m the shape of a straight Ime was 
performed. 

rPmblemfs^ to be Solved by the- Invention] However, by die detection approach of a roadway edge of only detecting a 
iftli above menti 

TnfllZi^X^^^^^^ " -'^^ ^^^'l completeness in the dependability of a transit 

roOOSmis invention was made in view of the above-mentioned problem, and the place made into the purpose is to 
K Te tJLlSittol unit of an automatic transit car with the high dependability which can solve the problem of 
incorrect detection of a roadway edge and can always detect a roadway edge certamly. 

fSs for Solving Ihe Problem] In order to attain tiie above-mentioned purpose this invention detects a roadway edge 
bv nroLssing Ite Lage ahead of the car obtained by the image pick-up means. In the transit control umt of the 
^tSfttanliTc^wWd^ is equipment which carries out automatic tianstt of the car along the ro^way edge, detects 
fefXln saTimTglld ask^fo^ the location by the Hough conversion by using as aroadway .^^g- the e^^^^^^^^ 
mosVllcated in a line in the shape of a straight Une It is characterized by detectmg a roadway region and detecting a 
roadw^Si by uLg the imag'e after roadW 

has the same image data to the radial from the part which hits the surfece of the earth m front of the car m an edge 

m007i Moreover, invention according to claim 2 divides ihe inconK>rated subject-copy « ^^^^ t°.*7;^;,.^^^^ 
rectane e fields in invention according to claim 1 . It is characterized by extending to a radial ttie part into which a 
SSdfslompieTS^? e^^^ reinffrcement does not exceed a threshold in detection ^^iV^^^^r^Tn^^l^^t^ 
Sge re nforc^ent which seiched for the difference of the maximum of the concentration value of each pixel and the 
SntmCvTlue in each rectangle field as edge reinforcement, and was called for about each rectangle field. 
S toforficordS^^^^^ it is based on the premise that the surface of the earth m front of a car is 

SSwS it cSi i?^ It is considered that the part in which the part which has the same image data as ^is car direct 
S^rS froTlSSmLie of the surface of the earth in front of the car m the image ahead of the car obtanied by Ihe 
S picS^p means exist continuously is also what is the region which can be run. Since a roadway region is 
Sted id fte roadway edge was detected by using the image after madway region detection by extending tins fteld 
?o Se radii from car direct lerior part. Only a roadway edge is always detected certamly, the problem of incorrect 
detection is solved, and high dependability can be secured to a transit control unit 
[0009] 



[Embodiment of the Invention] The gestalt of operation of this invention is explained based on an accompanying 

drawing below. . . ^- a. a 

rOO 101 The top view in which an automatic transit car shows signs that dsadngJ. is carrying out automatic transit, and 
drawing 2 are the block diagrams showing the configuration of the transit control device concerning this invention. 
rOOl li In drawing 1 , 1 is a road and two or more buildings 2-5 stand on the both sides. And center hne Icis 
lengthened in the center of the cross direction of a road 1, and the road-shoulder white lines (roadway edge) la and lb 
for dividing a foot walk and a driveway are drawn by the both sidra. 

10012] It ** and in the example shown in drawing 1 , while the automatic transit car 6 detects left-hand side white Ime 
la, along with this white line la, automatic transit of the lane on the left of center line Ic of a road 1 is earned out m 
the direction of an illustration arrow head. . ^, . • , „ „ t 

[001 3] As it has the transit control unit constituted by the controller 10 grade shown m the image pick-up means / and 
drawing 2 such as a CCD camera, and is shown in drawing Z , the image pick-up means 7 and file controller 10 are 
connected through the interface (I/F) 8, and, similarly the controller 10 and the steering motor controller 20 are 
connected to the above-mentioned automatic transit car 6 through the interface (I/F) 9. 

100141 By the way, the above-mentioned controller 10 has image data compression and the edge detecting element 11, 
the threshold count section 12, the roadway region detecting element 13, the edge extract section 14, the sttaight-hne 
detecting element 15, the amount operation part 16 of deflection, the steering motor current coimt section 17, and the 
command signal output section 18. White line la is detected by processing the image ahead of the car 6 picturized by 
the image pick-up means 7 through image data compression and the edge detecting element 11 , the threshold count 
section 12, the roadway region detecting element 13, the edge extract section 14, and the straight-line detecting element 
15 

[00151 Here, the image processing performed by the controller 10 is explained according to the procedure. 
001 6 1 ) Image data compression and edge detection; although the image ahead of the car 6 picturized by the image 
pick-up means 7 (subject-copy image) is captured by the image data compression and the edge detectmg element 11 ot 
a controller 10 through the interface 8 shown in dramngi This image consists of pixels of the width 512x length 480, 
as shovra in drawing 10 , and it is set to image data compression and the edge detecting element 1 1 . As shown m the 
table of the upper case of drawing 3 , the concentration value of each pixel is digitized and it sets up any of the value of 
0-255 (0 is deep-black and 255 is pure white) they are according to the concentration, and these concentration data are 

foOl 7TTha1 if as Ihown in the table of the upper case of teffig.! , as one rectangle field the number of sulyect-copy 
image data is compressed into 1/16, and 4x4=16 pixel is divided to two or more rectangle fields of the width 128x 

roof 81 A^d the difference of the maximum of the concentration value of each pixel of a total of 16 and the nunimum 
value in each field is searched for as edge reinforcement. For example, the edge reinforcemem 1 73 m the field of Ae 
one-Une one train of the table of the lower berth of drawing 3. (upper left) is called for as a difference (185-12-173) ot 
the maximum 185 with a concentration value [ in the rectangle field corresponding to the table of this drawing upper 
case 1 of 16 pixels, and the minimum value 12. u i • #• 

[001 9] It * * and an edge image as detected the edge in an image and shovra in drawMigll is obtained by asking tor 
edge reinforcement about all rectangle fields as mentioned above. - . • ^ *u * ^ti,4„„ 

[00201 2) Threshold count; in the threshold count section 12 of a controller 1 0, in order to divide into the steong thmg 
which depends the edge reinforcement called for for every rectangle field in image data compression and tiie edge 
detecting element 1 1 on white line la which is a roadway edge, and the weak thing to depend on a noise etc., a 
threshold is computed by the discriminant analysis method. u-^u Ai.,iA^.*u<> 

[0021] That is, in a discriminant analysis method, a threshold t (= 130) is computed as a parameter which divides llie 
set of edge reinforcement into two classes from the histogram of the edge remforoement and the number of data as 

rooS 3) Roadway region detection (ripple processing); although a roadway region will be detected in the '•oadway 
region detecting element 13 if a tiireshold t is computed in the threshold count section 12 of a controller 10, detection 
of this roadway region is made based on the following ideas. ■ ,\, ^. ^. 

[00231 That is, the surface of the earth in front of a car 6 is regarded [ that the part in which the part (that is, part into 
which edge reinforcement does not exceed a threshold t) which has the same unage data as the direct antenor part of 
this car 6 exists continuously can also run, and ] based on the premise are the roadway it can run, from the P^.^^-* 
hits the surface of the earth in front of the car 6 in the edge image shown m dxawffigil ahead of the car 6 obtained by 
the image pick-up means 7. And by extending this field to the radial from the direct anterior part of a car 6, a roadway 
region can be detected and an output image as shown in MagJ 2, can be obtained. In addition, a field is extended m 
the shape of a rectangle in fact from the ease of tireatmg of a digital image. 



[00241 Here, the example of detection (ripple processing) of a roadway region is explained based on drawin gj. . 
r0025] The field of tiie four-line D train shown, for example in itoing^ in detection (ripple processing) of a roadway 
region About (it is hereafter indicated as 4D), if the edge reinforcement of the field 4D itself [ this ] is beyond tiie 
threshold t (= 130), edge reinforcement will be set as 0 (that is, deep-black), and if the edge reinforcement of the tield 
4D itself is under the threshold t The value 1 25 with the larger value which added 5 to each edge reinforcement 0,1 20 
of two fields 4E and 5E which adjoin this field 4D respectively is chosen, and 125 is set up as edge reinforcement of 
ficici 

10026] Moreover, in field 5D, if the edge reinforcement of the field 5D itself [ this ] is beyond the teeshold t (= 130), 
edge reinforcement wUl be set as 0 (getting it blocked and regarded as what is not a roadway region), and if the edge 
reinforcement of the field 5D itself is under the threshold t The value which added 5 to each edge reinforcement 
0 120 255 of three fields 4E, 5E, and 6E which adjoin this field 5D respectively (However, it is maintained at a upper 
limit 255 when exceeding a upper limit 255) The maximum 255 (pure white) of 5,125,255 is chosen and 255 is set up 
as edge reinforcement of field 5 D. . ■ •, , ^ j- i 

[0027] Henceforth, the output image which carries out the sequential escape of the roadway region similarly at a radial, 
arid is shovm in di-Q.wing 12 is obtained. . , . • <». ♦u 

[0028] 4) Edge extract; m the edge extract section 14 of a controller 10, by extracting an edge to the image alter the 
roadway region detection shown in drawing. 12, , detect white line la which is a roadway edge, and output the image 

shovTO in drawing 11 . ■, • ^ 

[0029] Here, the example of an edge extract is explained based on dravosg^ . 

[0030] The concentration value of each field in the image shown in drawing 12 is calculated for these conc^tration 
values la (it is the same the concentration value in the field of an one line a train, and the following), and lb the 
concentration values IB and IC of the field shown in this drawing (b) using Ic-, and ID- as follows, when shown by 

drawing 6, (a). 

[0031] IB: lc-la=l ->0 (it is set as Oat the time of negative). , ^ iu ctoTtn oi^-ji imr.-iH 

[00321 IIB- 2c-2a=38niB : 3c-3a=196IVB : 4c-4a=222IC : It is made to be more than ld-lb=39IIC:2d-2b-2nHlC.3d- 
3b=214IVC:4d-4b=220ID:le-lc=^0UID:2e-2c=190IIID:3e-3c=45IVD:4e-4c=-12 ->0. The output hnage shown m 

drawing 13 is obtained by performing an edge extract. _ # *„ii^in<.i,» 

[00331 5) Straight-line detection (Hough conversion); in the straightline detectmg element 15 of a controller 10, the 
• output rnisige which thelocation is called for by the Hough conversion noting tliat it is a roadway edge (white line),; and 
shows the edge train most located in a line in the shape of a straight line in the image shown in drawmgll to djawmg 

[0034^ Thi^i, it is a degree type on the X-Y flat surface which shows the straight line (the gestalt of this operation 
white line la) for which it is going to ask to dravying 7 in the Hough conversion.; 

Rho=Xcostheta+Ysintheta - (1) , . . „ ^A..ritu 

Dielength [ of the perpendicular taken down from the rho:zero O here at the straight line ] theta: When expressed with 
Ihe angle of a perpendicular and the X-axis to accomplish, this (1) equation be considered to be an equation about rho 
and theta. the locus which show this relation on rho-theta space be drawn about all the edge pomts m an unage, and 
(rho theta) ofthe point which the locus be concentrating in rho-theta space be called for. . , - o 

[00351 Here, the procedure ofthe Hough conversion is explained based on the flow chart shown in tomg^ ■ 
00361 On the occasion of the Hough conversion, it is judged first whether the concentration value of the attention pixel 
in the processing field of an image (X, Y) is beyond the threshold t (step 1). When a concentration value is beyond the 
threshold t, according to (1) type, rho is computed about **theta in a setting range (thetamm - thetamax) (step 2), and it 
is judged whether the computed rho is in a setting range (rhomin - rhomax) (step 3). (rhoram < rho<rho max) 
[0037] It when the above-mentioned decision result is YES, the histogram about (rho, theta) counts (step 4), and 
(that is whJn it is rhomin < rho<rho max) a histogram is not counted when a decision result is NO^Processmg of such 
a step 2 - step 4 is performed about all theta in a setting range (thetamin - thetamax) (step 5), and after the processing is 
completed, a series of processings of step 1 - step 5 are perfoimed about all the pixels in Ae processing field of an 
image (X, Y) (step 6). In addition, when the decision result in step 1 is NO, processing of step 2 - step 4 is not made 
(that is, when the concentration value-of an attention pixel (X, Y) is under the threshold t). - 
[00381 After **(ing) and completing a series of processings about all the pixels m the processing field ot an image (X, 
Y), when the number of counts in a histogram chooses greatest (greatest rho, theta), the straight line (white line la) for 
which it asks is given to (1) type (step 7), and the Hough conversion is completed (step 8). 

[00391 Next, the example ofthe Hough conversion is explained based on drawing 9. . . , ^ . ■ 

[00401 for example, the case where it is the threshold t= 140 of a concentration value, rhomin =4, rhomax =6 thetamin 
=22, and thetamax =27 when the concentration value of each pixel of an input image is in the condition which shows m 
drawing 9 (a) -- la (1 1), 2a (2 1), 3a (3 1), and 4a (4 1) of drawing.^ (a) 



lb (1 2), 2b (2 2), 3b (3 2) 
lc(l 3), 2c (2 3) 

sfnlett i?A?concentratioii value < threshold t (= 140) which can be boiled and set, it does not count to the histogram 

about (rho, theta). . i . ^„ , An\ a- 

[0041] On the other hand, about 3c (3 3), since it is the concentration value (= 2 10) > threshold t (- 140), according to 
(1) type, rho is computed [ **/ theta ] as follows, and it is rhomin < rho<rho max. It is judged. 
[0042] If theta=theta min -22, since it wiU be set to rho-Xcos theta+Ysin theta=3cos(22)+3sm(22) =3.91<rhomin, as 
shown in drawing^ (b), it does not count to a histogram. . . „v ,^ . 

[0043] If theta= 23, since it will be set to rho-Xcos theta+Ysin theta=3cos(23)+3sm(23) =3.93<rhomm, as shown m 
d rawing 9 (b), it does not count to a histogram. . „^ , . 

[0044]irtheta= 24. since it will be set to rho=Xcos theta+Ysin theta-3cos(24)+3sin(24) =3.96<rhomm, as shown m 
drawin g 9 (h\ it does not count to a histogram. . ^ . , ^ . u 

[0045] If theta= 25, since it will be set to rho=Xcos theta+Ysin theta=3cos(25)+3sm(25) =3.99<rhomm, as shown m 
dravifling 9 0), it does not count to a histogram. , , . 

[0046] If theta= 26, since it will be set to rho==Xcos theta+Ysin theta=3cos(26)+3sin(26) =4.01>rhomm, as shown m 
drawing 9 (b), 1 is counted to a histogram. , ^ n,^ , • 

[0047] If theta=theta max =27, since it will be set to rho=Xcos theta+Ysin theta==3cos(27)+3sm(27) =4.03>rhonun, as 
shown in draHmg-2(b), I is counted to a histogram. v,jw A-^*^f%\ 

[0048] Similarly, also about 3d (3 4), since it is the concentration value (= 237) > threshold t (= 140), according to (1) 
type rho is computed [ **/ theta ] as follows, and it is rho rain<rho<rho max. It is judged. _ 
[0049] If theta=theta min =22, since it will be set to rho=Xcos theta+Ysin theta=3cos(22)+4sin(22) =4.28>rhoimn, as 
shown in drawing 9. (o), 1 is counted to a histogram. . . 

[0050] If theta= 23," since it will be set to rho=Xcos theta+Ysin theta=3cos(23)+4sin(23) =4.32>rhomm, as shown m 
drawing 9 (c), 1 is counted to a histogram. . . . . , • t 

[005 1] If theta= 24, since it will be set to rho=Xcos theta+Ysin theta=3cos(24)+4sm(24) =4.37>Thomm, as shown m 

drawing 9 (c), 1 is counted to a histogram. . . , . , 

[OOS^lFtheta- 25, since it will be set to rho=Xcos theta+Ysin theta=3cos(25)+4sm(25) =4.41>rhoman, as shown m 
' drawing 9 fcl l is cmjftted ta'rffiStdgram. - '^^ u 

[0053] If theta- 26, since it will be set to rho=Xcos theta+Ysin theta=3cos(26)+4sin(26) =4.45>rhomm, as shown m 
drawingit (c), 1 is counted to a histogram. . . .^.^ , • 

[0054]irtheta=theta max =27, since it will be set to rho=Xcos theta+Ysm theta=3oos(27>+4sm(27) =4.49>rhoimn. as 

shown in drawing 9. (c), 1 is counted to a histogram. . „ , ,^ ^ ^ ^ ^\ • j 

[0055] Processing with the same said of 4b (4 2), 4c (4 3), 4d (4 4), 5a (5 1), 5b (5 2), 5o (5 3), and 5d (5 4) is made 
hereafter, and (rho, theta) of the final biggest number of counts are chosen. 

[005 6] If it * * and white line 1 a is detected by a series of above image processings, it will set to the amount operation 
part 16 of deflection of a controller 10. The gap (the amount of deflection) with straight-line-like white line la and the 
travelling direction of a car 6 which were detected in the front gaze location of a car 6 is called for, and the supply 
current to a non-illustrated steering motor is computed as follows in the steering motor current count secUon 17 based 

on this amount of deflection. „ - _ . . , j .^i. ^ 

10057] It is [ amount / in a beforehand cycle / of deflection ] en about the amount of deflection m en-1 and the present 
cycle in the amount of deflection in en-2 and a front cycle. It carries out and a need current is computed by the 
following formulas (PID-control equation). 
[0058] 

P(proportional) =kp - (en-en- 1) - (2) 
I(integral term) =ki and T-en ~ (3) 
D(difrerential term) =kd -(en-2en-l+en-2)/T - (4) 

A part for need current change = k- (P+I+D) ~ (5) 

Need current = before [need current change part + ] cycle need current -(6), , _. 

If the supply cunrent to a steering motor is computed by kp, ki, kd, and the k:coefFicient-of-performance T^ime amount 
top type here, in the result, it wiU be mputted into the command signal output section 1 8, and the command signal 
output section 1 8 will output the command signal according to supply current to the steering motor controller 20 
through an interface 9. Then, by the steering motor controller 20, drive control is carried out and, as for the automatic 
transit car 6, a steering motor carries out automatic transit of the road 1 top along with white Ime la. 
10059] As mentioned above, it sets to the image processing in the transit control unit concemmg the gestalt ot this 
operation Based on the premise of being the roadway it can run, it is considered that the surface of the earth m front of 



a car 6 is that whose part in which the part v*ich has the same image data as the direct anterior part of this car 6 &om 
the image of the surface of the earth in front of the car 6 in the image ahead of the car 6 obtained by the image pick-up 
means 7 exists continuously is also the region which can be run. Since a roadway region is detected and white line la 
which is a roadway edge by using the image after roadway region detection was detected by extending this field to the 
radial from the direct anterior part of a car 6, Only white line la is always detected certainly, the problem of incorrect 
detection is solved, and high dependability can be secured to a transit control unit. 

[0060] ^ u - ^ u 

[Effect of the Invention] A roadway edge is detected by processing the image ahead of the car which was obtamed by^ 
the image pick-up means according to this invention so that clearly by the above explanation: In the transit control unit 
of the automatic trmisit car which is equipment which carries out automatic transit of the car along the roadway edge, 
detects the edge in said roadway image, and asks for the location by the Hough conversion by using as a roadway edge 
the edge train most located in a line in the shape of a straight line A roadway region is detected by extending 
continuously this part and the part which has the same image data to the radial from the part which hits the surface of 
the earth in front of the car in an edge image. Since the roadway edge was detected by using the image after roadway 
region detection, only a roadway edge is always detected certainly, the problem of incorrect detection is solved, and the 
effectiveness that high dependability is securable for a transit control unit is acquired 



[Translation done.] 
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CLAIMS 



[Claim(s)] 

[Claim 1] A roadway edge is detected by processing the image ahead of the car obtained by the image pick-up means. 
In the transit control unit of the automatic transit car which is equipment which carries out automatic transit of the car 
along the roadway edge, detects the edge in said image, and asks for the location by the Hough conversion by using as 
a roadway edge the edge train most located in a line in the shape of a straight Hne A roadway region is detected by 
extending continuously this part and the part which has the same image data to the radial from the part which hits the 
surface of the earth in front of the car in an edge image. The transit control unit of the automatic transit car 
characterized by detecting a roadway edge by using the image after roadway region detection. 
[Clahn 2] The transit control unit of the automatic transit car according to claim 1 characterized by to extend the part 
into which a threshold is computed and edge reinforcement does not exceed a threshold in detection of said roadway 
region from the edge reinforcement which divided the incorporated subject-copy image data to two or more rectangle 
fields, searched for the difference of the maximtim of the concentration value of each pixel and the minimum value in 
each rectangle field as edge reinforcement, and was called for about each rectangle field to a radial. 



[Translation done.] 



